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History of battery research at LBNL

Performed the early experiments 
on non-aqueous electrolytes and 

ushered in the lithium battery

Formalized 
electrochemical 

engineering as a field 

Pioneered the use of 
spectroscopic analysis of 
electrochemical systems

Developed a concept to protect lithium 
metal; may hold the key to future 

batteries 
Developed a polymer that could 
revolutionize battery separators 
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Collaborators
Batteries for Advanced Transportation Technologies (BATT) 
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EV – 	
Electric Vehicle
HEV – Hybrid-Electric      
	
 Vehicle
PHEV– Plug-in Hybrid- 
Electric Vehicle

Energy/power Interplay 

• Time of discharge a critical parameter for choice of storage system

•For storing of renewable energy, weight or volume not as critical (atleast in the US).

• Grid storage cuts across all times of discharge. See http://
www.electricitystorage.org/ESA/home/ 
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PHEV StatusEV Status

Status of batteries for vehicles

•Batteries are a compromise between performance, cost, life, and 
safety
• Requirements not as well defined for grid-storage applications

As of today, no one chemistry has all the necessary attributes
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Cost of consumer electronics batteries
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Cost of consumer electronics batteries

A Li-ion battery, as it is made today, will not be cost effective 
for most grid applications 

EV Goal

Grid storage 
goal
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Systems under consideration

Container batteries- High energy density
Cost scales with size.
Small discharge times
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Systems under consideration

Container batteries- High energy density
Cost scales with size.
Small discharge times

Flow batteries-Low energy density
Lower cost for larger systems

Longer discharge times
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Batteries considered for grid-scale storage
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How does a battery operate?

Graphite

Cobalt oxide

x in Lix C6  or y in Li1-0.6yCoO2

Vo
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Li++e-+C6→LiC6

LiCoO2→Li++e-+CoO2

Electrolyte:
LiPF6 in Ethylene carbonate/

diethyl carbonate

140 mAh/g

372 mAh/g

Energy density=capacity (mAh/g) x voltage
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How does a battery operate?

Graphite

Cobalt oxide

x in Lix C6  or y in Li1-0.6yCoO2

Electrolyte oxidation

Lithium deposition

Vo
lta

ge
 (

V
) 

vs
. L

i

Solvent reduction- SEI formation

Li++e-+C6→LiC6

LiCoO2→Li++e-+CoO2

Electrolyte:
LiPF6 in Ethylene carbonate/

diethyl carbonate

140 mAh/g

372 mAh/g

Energy density=capacity (mAh/g) x voltage
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How to design a battery?
• LBNL has pioneered the use of mathematical tools 

to design batteries
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Models as a comparative tool
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• Cost, life, and safety also need to be considered
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EV – 	
 Electric Vehicle
HEV – Hybrid-Electric      
	
 Vehicle
PHEV– Plug-in Hybrid- Electric 
Vehicle

IC Engine=2500 Wh/kg

Energy/power interplay 
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EV – 	
 Electric Vehicle
HEV – Hybrid-Electric      
	
 Vehicle
PHEV– Plug-in Hybrid- Electric 
Vehicle

IC Engine=2500 Wh/kg

Energy/power interplay 

• Flow batteries not high in energy density
• However, for large discharge times, they can be made very 
inexpensive 
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Flow Batteries
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How to choose a flow battery?

Flow batteries are also all about compromise

1. Need chemicals that are inexpensive

2. Need system with high reversibility

3. Need inexpensive catalyst and membranes 

4. Need a high power device

• Higher the power, smaller the amount of catalyst and 
membrane

• Present day flow batteries ~ 50-100 mW/cm2.  Need W/cm2

5. Chemistry should not lead to structural changes (e.g., plating)

6. Safety critical, especially considering the size of the units
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The LBNL approach
• Choose chemicals that are inexpensive and abundant

• Ensure that chosen chemistry is highly reversible

• Design the battery to ensure that very high power can 
be obtained
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Summary
• Choice of battery depends on the application

‣ A chemistry that is ideal for, say, vehicle 
applications, may not be the best for grid storage
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Summary
• Choice of battery depends on the application

‣ A chemistry that is ideal for, say, vehicle 
applications, may not be the best for grid storage

• It takes ~10 years for a battery to develop from 
research to commercialization

‣ It also takes major capital investments

• Batteries are all about compromise

• Comparing various batteries can be challenging, 
especially early in development

‣ Mathematical tools can be invaluable
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More information
• Batteries for Advanced 

Transportation Technologies 
(BATT) Program website: 
http://batt.lbl.gov/ 

• Blog on batteries,            
“This week in batteries”:      
http://
thisweekinbatteries.blogspot.
com/ 
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